Objective: We aimed to systematically assess the evidence for differences in the incidence of stroke and distribution of its subtypes in Chinese compared with white populations.
Stroke is the second most common cause of death worldwide, and a major global cause of disability. Its increasing global impact in the decades ahead is predicted to be greatest in middleincome countries. These include China, which accounts for almost one-fifth of the world's total population and where stroke is already the leading cause of death and adult disability. [1] [2] [3] Stroke is a clinical syndrome with 3 main pathologic types (ischemic stroke, intracerebral hemorrhage [ICH] , and subarachnoid hemorrhage [SAH] ). Each has several subtypes with distinct underlying vascular pathologies. Compared with white populations of European origin, Chinese populations have been reported to have a higher incidence of stroke overall, a higher proportion of ICH, and a different distribution of ischemic stroke subtypes. [4] [5] [6] [7] [8] However, reliable comparisons have been precluded by a lack of methodologically robust studies of stroke incidence among Chinese populations, age standardization of incidence rates in different studies to different standard populations, and variable methods for classifying stroke types and subtypes. 9, 10 Furthermore, no previous review of the epidemiology of stroke in Chinese populations has taken an explicitly systematic approach.
To clarify what is known and what remains uncertain about the epidemiology of stroke in Chinese populations and differences from white populations, we aimed to systematically evaluate the incidence of stroke and the distribution of its main pathologic types and ischemic subtypes in Chinese populations, and to compare these with data from white populations, standardized to the same world population.
METHODS Search strategy and selection criteria. We comprehensively sought articles published in any language on incidence of stroke and its pathologic types and subtypes in populations of Chinese origin. We used electronic searches in Medline and EMBASE from 1990 (because before this, brain imaging with CT or MRI was not widely used) to January 2012 (appendices e-1 and e-2 on the Neurology ® Web site at www.neurology.org), citation searches of relevant reviews, 7, 9 and perusal of the reference lists of included primary articles and relevant reviews.
We adapted inclusion criteria from those proposed for an "ideal" study of stroke incidence 11, 12 : standard World Health Organization, National Institute of Neurological Disorders and Stroke, or Atherosclerosis Risk in Communities definition of stroke [13] [14] [15] ; first-ever strokes from a large, well-defined population; comprehensive, community-based ascertainment-including fatal and nonfatal cases not admitted to hospital-using multiple overlapping sources (primary-and secondary-care clinics, hospital admissions, death certificates, etc.); prospective study design, ideally with "hot pursuit" of cases; lower age limit 45 years or younger; no upper age limit; data collection from 1990 onward; and numbers of first-ever stroke cases per year and of people in the population (or age-specific annual incidence) available in 10-year mid-decade age bands.
For studies of pathologic types and subtypes of stroke, we relaxed the above criteria to include both community-based and hospital-based studies of recurrent as well as first-ever strokes because we expected to find few "ideal" studies. However, for reliable classification of types/subtypes, we required brain CT/ MRI (or autopsy) in .70% of cases. Strokes had to be classified as ischemic stroke, ICH, SAH, or unknown pathologic type. 16 Ischemic strokes had to be classified into 5 etiologic subtypes (large-artery atherosclerotic, cardioembolic, intracranial smallvessel disease, other determined etiology, and undetermined etiology) according to the Trial of Org 10172 in Acute Ischemic Stroke (TOAST) or National Institute of Neurological Disorders and Stroke classification schemes, or into the 4 anatomical subtypes of the Oxfordshire Community Stroke Project (OCSP) classification scheme (lacunar infarct, total anterior circulation infarct, partial anterior circulation infarct, and posterior circulation infarct). 17, 18 We excluded studies with highly selected patients, unclear classification methods, or serious data inconsistencies. We sought essential information that was unavailable in the publication(s) directly from the study authors. Data extraction. From included studies of overall stroke incidence, we extracted the following information: geographical area of the study; sources of case ascertainment; study period; size and age range of the population; stroke definition; number of first-ever strokes; mean age and sex distribution of stroke cases; the proportion with brain CT or MRI and admission to hospital; and 1-month case fatality. We extracted or calculated age-specific incidence for each 10-year mid-decade age group. From each included study of stroke types/subtypes, we also extracted data on whether it was community-or hospital-based, whether it included recurrent as well as first-ever strokes, stroke type/subtype classification method, and numbers of each pathologic type or ischemic subtype of stroke. One author selected studies and extracted data, resolving uncertainties through discussion with a second.
Comparison studies in white populations. For comparison, we selected studies performed from 1990 onward in predominantly white populations of European origin from a recent worldwide systematic review of community-based stroke incidence studies. 9 We sought relevant additional studies published up to January 2012 through forward citation searches of this review, and perused reference lists of relevant publications identified. We used the same inclusion criteria as outlined above, except that no hospital-based studies were included.
Statistical analysis. For each included study, we calculated agestandardized (to the World Health Organization standard population) incidence of first-ever-in-a-lifetime stroke per 100,000 person-years and 95% confidence intervals (CIs). 19, 20 We standardized for sex to a standard population with equal proportions of males and females in each age stratum. To compare studies, we focused on standardized incidence data for ages 45-74 and 45-751 years, allowing the most comprehensive inclusion of data from all studies.
For stroke type/subtype studies, we calculated the proportions of all strokes of each main pathologic type and the proportions of all ischemic strokes of each ischemic subtype. Where possible, we repeated these calculations using age-standardized incidence data (to obtain the age-adjusted proportion of each type/subtype). We compared community-based vs hospital-based Chinese studies, different geographical areas among the Chinese populations, and Chinese vs white populations by visual inspection of graphical data. Using Stats-Direct software (http://www.statsdirect.com), we calculated and compared distributions of random-effects pooled proportions of pathologic types and ischemic subtypes in Chinese and white populations.
RESULTS Stroke incidence. Of 3,063 articles describing studies in Chinese populations, 45 were potentially relevant but only 6 (described in 4 articles, all published in English) fulfilled our inclusion criteria (figure e-1A). They included 404,254 people, 2,044,941 personyears, and 3,935 first-ever stroke patients. e1-e4 Characteristics of these studies are shown in table 1. Four were based in China and 2 in Taiwan. Mean age of stroke onset was 66 to 70 years. e2,e4 The proportions of stroke cases with brain imaging varied widely (30%-91%, mean [weighted by study size] 76%). Age-standardized stroke incidence rates across all ages included varied widely (92-328 per 100,000 person-years), but are not fully comparable because of likely substantial variation in the distribution of ages within the open-ended upper age band and exclusion from one study of people younger than 35 years. Age-standardized stroke incidence also varied more than 4-fold among the 7 Chinese cities included in one study, being higher in the north (Harbin) than in the south (Shanghai) of China (data standardized to the world population were not available separately for the 7 cities included in this study e3 ). As expected, age-specific annual incidence increased with age (figure e-2).
We compared these results from Chinese populations with those from 10 community-based studies among white populations (1,885,067 people, 3,256,868 person-years, and 4,568 first-ever stroke cases). Mean age of stroke onset was younger in Chinese populations (range 66-70 vs 72-76 years). Age-standardized annual first-ever stroke incidence was more variable and somewhat higher among Chinese than white populations for ages 45-74 years (range 205-584 vs 170-335 per 100,000) ( figure 1A ). There were similar although less marked Chinese-white differences for ages 45-751 years. These data include many more incident strokes because all ages over 75 years are included, but are less comparable because of age variation in the open-ended upper age band (figure 1B). Additional standardization for sex made no material difference to the results (data not shown).
Pathologic types of stroke and ischemic stroke subtypes.
For stroke types/subtypes, from 5,160 articles, 43 studies were potentially relevant, and 25 (11 pathologic type and 14 ischemic subtype studies) described in 17 articles (14 published in English, 3 in Chinese) met our inclusion criteria (figure e-1B).
Of the 11 pathologic type studies, 5 were community-based and 6 were hospital-based (table 2) . e2,e5-e12 There were 64,392 first-ever or recurrent stroke cases. Mean age of stroke onset (reported in 8 studies) was 63-73 years; 74%-100% of stroke cases had brain imaging; and 41%-79% of strokes were classified as ischemic, 17%-52% as ICH, 1%-8% as SAH, and 0%-10% as unclassified type. We were only able to calculate age-standardized proportions for one study, and found the age-standardized and crude distributions of pathologic types to be very similar (data not shown). e2 For comparison, we identified 13 community-based studies in white populations, including 6,065 first-ever stroke cases. In Chinese populations, a greater, more variable proportion of strokes were ICH type in China than Taiwan (range 27%-51% vs 17%-28%) and in community-than hospital-based studies (27%-51% vs 17%-30%) (figure 2A). Chinese generally had a higher proportion of ICH than white populations (17%-51% vs 6%-20%). The random-effects pooled proportion of ICH was higher in Chinese than in white populations ( (table 3) . e8-e10,e13-e23 In total, they included 33,923 first-ever or recurrent stroke cases. Mean age of stroke onset (reported in 10 studies) was 61 to 69 years.
Among the TOAST studies, the proportion of strokes due to large-artery atherosclerosis ranged from 12% to 54%, small-vessel disease 20% to 42%, cardioembolism 10% to 26%, and the combination of other specific determined and undetermined etiology subtypes (presented together because not all studies presented data separately for these 2 subtypes) 4% to 34%. We compared random-effects pooled proportions of ischemic subtypes from these Chinese studies with those from 5 community-based TOAST studies in white populations (including a total of 4,163 ischemic strokes) ( figure 2B) Among the hospital-based OCSP studies in Chinese populations, the proportions of different ischemic subtypes were more consistent than among the TOAST studies: lacunar infarction 38%-46%, total or partial anterior circulation infarction 40%-48%, and posterior circulation stroke 10%-18%. Comparison of pooled proportions with one available community-based study in white people showed a slightly higher proportion of lacunar infarction (42.1% [95% CI 38.6%-45 0.7%] vs 32.2% [95% CI 28.7%-35.8%]), and slightly lower proportions of total and partial anterior circulation infarction and posterior circulation stroke in Chinese vs white populations ( figure 2C , table e-1). Heterogeneity between individual studies' proportions was substantial in all comparisons of pooled proportions of stroke types and subtypes.
DISCUSSION To our knowledge, this is the first systematic review of the epidemiology of stroke and its pathologic types and ischemic subtypes comparing data from Chinese populations with data from predominantly white populations of European origin. We have shown that, compared with white populations, Chinese have a higher age-adjusted incidence of stroke, a lower mean age of stroke onset, and a higher proportion of strokes attributable to ICH. These differences are based on comparisons of methodologically robust community-based studies, with appropriate age standardization, avoiding inclusion of an openended upper age band. They are therefore unlikely to be an artifact of variable hospital admission rates or of incomplete adjustment for age. Indeed, the proportion of strokes due to ICH was generally lower in hospitalbased than in community-based studies in Chinese. In addition, there was striking variation among Chinese populations both in overall stroke incidence (which varied approximately 3-fold in the age range 45-74) and in the proportion of strokes due to ICH (which varied almost 2-fold among community-based studies).
We have further shown an apparently different distribution of ischemic stroke subtypes among Chinese compared with white populations, with higher overall proportions of small-vessel disease (lacunar) ischemic stroke in Chinese. However, because only hospitalbased studies were available from Chinese populations, different hospital admission rates could contribute to the variation among Chinese studies as well as between the Chinese studies and the community-based studies in white populations. In addition, the proportion of strokes in the "other or undetermined" TOAST ischemic stroke subtype category varied widely among the Chinese studies, and was generally lower than among studies in white people. This could be attributable to differences in the interpretation and application of etiologic classification systems for ischemic stroke subtypes, or in the proportion of stroke cases with complete investigation, because the higher this proportion, the lower the proportion assigned an undetermined subtype. The problem of variable investigation rates does not influence the anatomical OCSP classification system, which is based on symptoms and signs, requiring no investigation results beyond a brain scan to exclude hemorrhage. This may explain the more consistent findings among the Chinese studies using the OCSP system, and makes comparisons between studies based on this system more reliable. However, although the OCSP-based Chinese-white comparisons suggest a higher proportion of lacunar ischemic strokes in Chinese populations, only comparisons derived from community-based studies will be able to confirm this finding.
Earlier studies suggested higher stroke incidence in Chinese vs white populations, and variable stroke incidence rates within China (higher rates in the north), but did not include people older than 64 years, and some comparisons included recurrent as well as first-ever strokes. 4, 21 Our results show reliably that such differences exist after 1990 and extend previous findings to those aged 65 years and older, among whom most strokes occur. Although previous studies have reported a higher proportion of ICH in Chinese vs white populations, as well as regional variation within China, these have been mostly hospital-based. 22, 23 Immigration studies provide additional relevant data but there are few studies of stroke incidence and subtypes among Chinese and white people living in the same region. [24] [25] [26] A recent systematic review of population-based studies of ICH found 2-foldhigher ICH incidence in Asian vs white people, whether living in the same geographical area or in different countries, but included only one study in Chinese and did not consider Chinese populations separately. 27 Proposed explanations for Chinese-white differences and variation among Chinese populations in overall stroke incidence and in the proportion of ICH include differences in hypertension, hyperlipidemia, diabetes, obesity, dietary habits (e.g., variable intake of salt and preserved food), smoking, extreme weather, socioeconomic status, and genetic factors. 22, 23, 27 These vary substantially within Chinese populations as well as between Chinese and white populations. 21 The Sino-MONICA-Beijing community-based stroke incidence study among people aged 25 to 74 years found, between 1984 and 2004, a 4% increase in age-standardized incidence of all types of stroke, a 5% increase in ischemic stroke, and a 1% decrease in hemorrhagic stroke (ICH and SAH), with a large reduction in the proportion of incident strokes attributed to hemorrhage (43% in 1984 vs 14% in 2004). 28 Some-but certainly not all-of this change may be explained by overdiagnosis of hemorrhagic stroke in the 1980s when CT brain scan rates were low. These changes occurred during a time of rapid economic development and increasing adoption of Western lifestyles in China, increased dietary fat and cholesterol intake, increased mean cholesterol levels, increased prevalence of obesity and diabetes, and possibly better hypertension control. Our study shows that the higher proportion of hemorrhagic stroke is attributable to ICH, not SAH, and has persisted in the most recent studies of incident stroke in Chinese populations, even those with highly developed economies, such as Taiwan. However, there are no comparable communitybased data yet available after 2000, and further economic and lifestyle changes in mainland China may have further affected stroke rates.
The major strengths of our study are as follows: rigorous, systematic methods, including a comprehensive search strategy for relevant studies published in any language (including Chinese), reducing the potential bias of including only reports published in English; inclusion of Hong Kong and Taiwan as well as mainland China, covering .95% of Chinese populations worldwide and including those with highly developed economies; age standardization of data from Chinese and white populations to the same world population; and inclusion of data from older people, who were omitted from many previous Chinese stroke incidence studies.
An important limitation is that, despite comprehensive searching, we found few community-based studies of incidence of stroke and its pathologic types in Chinese populations, and none of ischemic subtypes published up to January 2012. Also, despite including only studies that appeared to fulfill accepted methodologic criteria, we cannot exclude the possibility of inaccurate or incomplete case ascertainment in some included studies. However, rapid developments and improvements in comprehensive primary health care and centralized health insurance should facilitate future, well-designed epidemiologic studies. 3, 29, 30 Thus, we report a slightly higher overall stroke incidence and a higher proportion of ICH in Chinese compared with white populations since 1990, with substantial regional variation among Chinese populations. Confirming variation in the distribution of ischemic subtypes will require comparable population-based studies with consistent definitions in Chinese populations. A better understanding of the reasons for the observed differences in epidemiology of stroke and its subtypes should help us to better predict the potential effects of the rapidly growing economy and changing lifestyles, and contribute to efforts to reduce the stroke burden in Chinese populations. 
